A specific polysome immunoadsorption procedure, employing soluble rabbit anti-NADP-GDH IgG and sheep anti-rabbit IgG covalently-linked to an insoluble cellulose matrix, was used to immunoselect polysomes translating mRNA for a chloroplastic ammonium-inducible NADP-GDH in fully induced cells of Chlorella sorokiniana. The immunoselected polysomes were dissociated, and the NADP-GDH mRNA was recovered by oligo (dT)cellulose chromatography. The translatable NADP-GDH mRNA was estimated to be 0.07 and 90% of the total polysomal poly(A)+RNA before and after immunoselection of the polysomes, respectively. The immunoadsorption procedure resulted in an 83% recovery and 1,291-fold purification of translatable NADP-GDH mRNA. In vitro translation of the immunoselected poly(A)'RNA yielded a single radioactive protein (on sodium dodecyl sufate polyacrylamide gels) with a molecular weight of 58,500, i.e. size of the putative precursor-protein of the NADP-GDH subunit in the holoenzyme in fully induced cells. The purified NADP-GDH mRNA was used for synthesis of a high proportion of nearly full-length single-stranded cDNA and double-stranded cDNA molecules.
translation of the immunoselected poly(A)'RNA yielded a single radioactive protein (on sodium dodecyl sufate polyacrylamide gels) with a molecular weight of 58,500, i.e. size of the putative precursor-protein of the NADP-GDH subunit in the holoenzyme in fully induced cells. The purified NADP-GDH mRNA was used for synthesis of a high proportion of nearly full-length single-stranded cDNA and double-stranded cDNA molecules.
A primary objective in this 'laboratory is to elucidate the different types of molecular mechanisms that regulate the expression of genes coding for enzymes in eukaryotic cells. Recent research has been focused on the expression of the gene(s) coding for a chloroplast-localized (15) NADP-GDH4 that is inducible by ammonium in Chlorella sorokiniana cells (12, 20) . By use of immunochemical and biochemical procedures (27) , the NADP-GDH has been shown to be synthesized as a precursor protein on cytosolic polysomes (15) and rapid degradation in both uninduced and induced cells (1, 23) , and to undergo rapid inactivation after removal of ammonium from fully-induced cells (1) . Because of these post-translational processes, the catalytic activity or amount of antigen of this enzyme cannot be used as a reliable measure of the level of expression of its structural gene in cell cycle experiments (7, 16, 20, 21, 26) nor in experiments in which changes are made in the nitrogen nutritional status of the cells (1, 6) . A more direct approach to assess changes in expression of the NADP-GDH gene would be to measure the levels or rates of accumulation of NADP-GDH mRNA sequences by hybridization with a radioactive cDNA probe. However, two problems were encountered in the isolation of the NADP-GDH mRNA for use in cDNA synthesis. The NADP-GDH translatable mRNA was shown to be only 0.074% (23) of the total-cellular translatable poly(A)+RNAs in fully induced cells and to have a size (22) in common (i.e. 2-3 kilobase) with many other cellular eukaryotic mRNAs. Therefore, isolation procedures that take advantage of the high abundance (2) or of the unique size (3) of a mRNA did not seem to be useful for purification of the NADP-GDH mRNA.
Several laboratories have developed polysome immunoadsorption procedures (4, 8, 9, 17, 19, 24) for isolation oflow abundance mRNAs. These procedures exploit the ability of antibodies, prepared against the native protein of the mRNA to be purified, to bind to the nascent polypeptide chains on the polysomes. The soluble antibody-polysome complexes are recovered by adsorption to anti-antibody that has been covalently linked to an insoluble cellulose matrix or Sepharose (4, 17, 24) or by adsorption to Protein A Sepharose (8, 9, 19) . By use of one of these specific polysome immunoadsorption procedures, Groner et al. (4) purified lysozyme mRNA (estimated to be 2-3% of the total oviduct mRNAs), Kraus and Rosenberg (9) purified the mRNA coding for the precursor of ornithine transcarbamoylase, the precursor of the ,3-subunit of propionyl-CoA carboxylase, and cystathionine f3-synthase (0.20 0.02, and 0.015% of total hepatic mRNAs, respectively), Sul et al. (19) purified murine ATP-citrate lyase (0.03% of total hepatic mRNAs), Korman et al. (8) purified the mRNA from human lymphoblastoid cells that codes for the heavy chain of human histocompatibility antigen DR (0.01-0.05% of total cellular mRNAs), and Vodkin (24) purified mRNAs coding for seed lectin and Kunitz trypsin inhibitor of soybean.
The objective of the research described in this paper was to use the specific polysome immunoadsorption procedure of Schutz et al. (17) to purify the NADP-GDH mRNA from fully induced cells of C. sorokiniana for two purposes: (a) to compare the mol wt of the NADP-GDH antigen synthesized in an in vitro translation system, programmed by the purified NADP-GDH mRNA, with the mol wt of the NADP-GDH putative precursorprotein that was determined (15) after in vitro translation of total cellular poly(A)+RNA followed by immunoprecipitation of NADP-GDH antigen, and (b) to synthesize full-length ds cDNA from the purified NADP-GDH mRNA in preparation for cDNA cloning. The results described herein show that in vitro translation of the purified NADP-GDH mRNA yielded a single protein with the mol wt identical to the one reported earlier for the NADP-GDH putative precursor-protein, and that full-length ds cDNA can be synthesized from the purified mRNA. A260 units of polysomes were obtained per g of broken cells in the present study. Before cellular polysomes were used in the immunoadsorption procedure, their integrity or intactness was examined by sucrose density gradient sedimentation as described earlier (23) .
MATERIALS AND METHODS
Specific Immunoadsorption of NADP-GDH Polysomes. The NADP-GDH specific polysomes were selected from total cellular polysomes by use of the immunoadsorption procedure described by Schutz et al. (17) The immunoadsorbed NADP-GDH polysomes were released from the anti-antibody cellulose by the addition of 2.5 ml of 20 mM EDTA, 10 mm Hepes, and 100 units/ml heparin at pH 7.4. After 5 to 10 min, the anti-antibody cellulose was removed from the mixture by centrifugation for 5 (23) . To estimate the amount ofcontamination ofthe immunoselected NADP-GDH mRNA by other translatable mRNAs, the in vitro translation of the immunoselected poly(A)+RNA was allowed to proceed for 60 min, and the radioactive proteins that were synthesized in vitro were subjected to SDS-PAGE as described earlier (23, 27) . The gels were fixed, dried, and autoradiograms prepared.
Synthesis of NADP-GDH cDNA. Avian myeloblastosis virus reverse transcriptase was used to synthesize ss cDNA from 1 to 10 MAg of immunoselected NADP-GDH mRNA as previously described (2, 25 (25) . Alkaline agarose-gel electrophoresis was performed on the ss cDNA and ds cDNA exactly as described by Maniatis et al. (10) . The ds cDNA was not treated with Si nuclease before electrophoresis. Mol wt standards were lambda DNA Hind III restriction fragments. The positions of the radioactive cDNAs in the gels were determined by autoradiography.
RESULTS AND DISCUSSION
Immunoadsorption Procedure for Isolation of NADP-GDH Polysomes. The four steps involved in the specific immunoadsorption of NADP-GDH polysomes, from total cellular polysomes isolated from Chlorella sorokiniana, are shown in Figure   1 . Crucial to the success of this procedure is the ability of antibodies, prepared against the native enzyme or its subunits, to recognize the growing nascent polypeptide chains on intact polysomes engaged in synthesis of the enzyme. Earlier in this laboratory (5, 27) , antibodies were prepared in rabbits against the purified NADP-GDH holoenzyme. The anti-NADP-GDH IgG was purified by antigen-affinity chromatography and shown to be monospecific by a number ofimmunochemical procedures (27) . Moreover, the affinity-purified anti-NADP-GDH IgG was labeled with 1251, and used in binding studies with intact total cellular polysomes isolated from ammonium-induced cells of C. sorokiniana (23) . The '25W-labeled anti-NADP-GDH IgG was shown to bind to a specific class of intact polysomes (i.e. approximately 15 to 20 ribosomes/polysome), presumably by recognition of the nascent polypeptide chains on the NADP-GDH polysomes.
Percent Recovery of NADP-GDH Polysomes by Immunoadsorption. In the present study, a mRNA dependent in vitro translation assay (14, 23) of poly(A)+RNA, isolated from total cellular polysomes and from immunoselected polysomes, was used to estimate the percent recovery of the NADP-GDH polysomes by the immunoadsorption procedure. An 83% recovery of the NADP-GDH polysomes was obtained (column 7, Table  I ). The NADP-GDH mRNA was shown to be only 0.07% of the total polysomal poly(A)+RNA (column 5, Table I ) which is consistent with its being reported to be only 0.074% of the total cellular poly(A)+RNA in an earlier study (23) . Thus, considering that the NADP-GDH polysomes belong to the low abundance class of cellular polysomes, the 83% recovery of NADP-GDH polysomes is quite remarkable.
Estimation of Purity of Immunoselected NADP-GDH Polysomes and Size of in Vitro Translation Product. As judged by the amount of radioactivity incorporated into NADP-GDH antigen, during the in vitro translation of poly(A)+RNA isolated from the immunoselected polysomes, the NADP-GDH mRNA was estimated to be approximately 90% pure, with respect to contamination by other translatable mRNAs (column 5, Table   I ). An 1,291-fold purification of the NADP-GDH mRNA was achieved by the polysome immunoadsorption procedure (column 6, Table I ). To obtain another estimate of the purity of the immunoselected NADP-GDH mRNA, a sample of the in vitro translation mixture was subjected to SDS slab-gel electrophoresis before immunoprecipitation of the NADP-GDH antigen, and the position of the radioactive protein(s) in the gel was determined by autoradiography. Only a single radioactive protein, with a mol wt of 58,500, was detected in the gel, containing the translation product(s) from the assay mixture programmed by the immunoselected poly(A)+RNA (Fig. 2) . Thus, although the in vitro translation assay (Table I) indicated that the immunoselected NADP-GDH mRNA was only 90% pure, the absence of other radioactive proteins in the SDS gel (Fig. 2) , strongly suggests that the immunoselected NADP-GDH mRNA preparation might not have been contaminated by other translatable mRNA species.
The 58,500 D protein, synthesized in vitro in the present study, is identical in size to the NADP-GDH antigen that Prunkard et al. (15) extracted from fully induced cells of C sorokiniana. Based on data obtained from a number of experimental approaches, these workers concluded that the NADP-GDH mRNA codes for a protein precursor (Mr = 58,500) which is synthesized in the cytosol and presumably is processed in the chloroplast to form a subunit with a mol wt of 53,000. A catalytically active NADP-GDH holoenzyme, composed ofidentical subunits (Mr = 53,000) was observed (15) (Fig. 3) . By use of sucrose density gradient centrifugation of denatured total cellular poly(A)'RNA, Turner (22) estimated the translatable NADP-GDH mRNA to range in size from less than 2 kb up to 3 kb. Therefore, the length of the NADP-GDH mRNA appears to be in excess of the approximately 1.5 kb minimum-size mRNA required to code for a precursor protein with a mol wt of 58,500. Since the size of the ss cDNA, synthesized from the immunoselected NADP-GDH mRNA, ranged approximately 2.1 to 3.3 kb (Fig. 3) , it would appear that many of the cDNA transcripts were in the size range of the full-length NADP-GDH mRNA.
Synthesis of the second strand of the cDNA was catalyzed by the Klenow fragment of DNA polymerase I. Without prior treatment with nuclease, the ds cDNA preparation was subjected to alkaline agarose gel electrophoresis. Thus, the first and second strands remained covalently joined by the hairpin loop. Under denaturing conditions of the electrophoresis, the ds cDNAs were observed to migrate at approximately 0.5 the rate of the ss cDNAs, indicating that second-strand synthesis was essentially complete (Fig. 4) . The ds cDNAs, containing the hairpin loop, ranged in size from 4.2 to 6.6 kb.
Cloning of these nearly full-length NADP-GDH cDNAs is currently in progress. These cDNA clones will be used for sequence analysis and as hybridization probes to study the molecular biology and expression of the NADP-GDH gene(s) and mRNA(s) in C. sorokiniana.
